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Abstract 

The concept of the transition into the Abrikosov state as the appearance 
of long-range phase coherence is considered. It is shown that the famous 
Abrikosov solution gives qualitatively incorrect result. The transition into 
the Abrikosov state should be first order in ideal (without disorder) super- 
conductor. Such a transition is observed only in bulk superconductors with 
weak disorders. The absence of a sharp transition in thin films with weak 
disorder is interpreted as the absence of long-range phase coherence down to 
a very low magnetic field. The observed smooth phase coherence appearance 
in superconductors with strong disorder is explained by the increase of the 
effective dimensionality. It is claimed that no experimental evidence of the 
vortex lattice melting exists now. It is shown that this popular concept has 
appeared on a consequence of incorrect conception about the Abrikosov state 
and incorrect definition of the phase coherence. 

1. Introduction 

The concept of vortex lattice melting has become very popular after the 
discovery of high-Tc superconductors (HTSC). Hundreds of papers have ap- 
peared in the last ten years in which the vortex lattice melting is considered. 
Some papers with titles "Evidence of the vortex lattice melting were 
published in last years. Different features in different superconductors were 
interpreted as the vortex lattice melting. But the reality of the vortex lattice 
melting is not evident at present. 

A feature can be interpreted as a universal transition if it is observed 
in all superconductors. The vortex lattice melting is a universal transition. 
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No peculiarity of HTSC or low-Tc (conventional) superconductors (LTSC) is 
considered in the theories of the vortex lattice melting [1]. Therefore, if this 
transition exist it must be observed both in HTSC and in LTSC. The position 
difference of the transition in HTSC and in LTSC should correspond to the 
scaling law [2]. Three-dimensional (bulk) and two-dimensional superconduc- 
tors ought to be distinguish at the comparison of the investigation results of 
HTSC and LTSC. Layered superconductors (both HTSC and LTSC) ought 
to be considered as an intermediate case between three- and two-dimensional 
superconductors. 

The comparison of the investigation results of HTSC and LTSC shows 
that the sharp change of the resistive properties observed in bulk supercon- 
ductors with weak disorder only can be interpreted as an universal transi- 
tion. This feature is observed both in conventional superconductors [3] and 
in YBa2Cu307_ x [4]. The position difference of this transition in these super- 
conductors conforms to the scaling law [2,5]. I have denoted [5] the position 
of this transition as H c4 . 

This transition was interpreted in the paper [4] as the vortex lattice melt- 
ing, but in the work [3], in which it was observed first, it was interpreted as 
a transition from the mixed state without phase coherence (called as "one- 
dimensional" state in this paper) into the Abrikosov state, considered as the 
mixed state with long-range phase coherence. It is contended in the present 
paper that the interpretation [3] is right and the interpretation [4] can not 
be right. 

The concept of vortex lattice melting has become popular in consequence 
of some no enough correct conception about the Abrikosov state. Therefore 
this knowledge is defined more exactly in the Section 2. The knowledge 
about the mixed state of most scientists was formed by the influence of 
results of the mean field approximation. Results obtained in the mean field 
approximation and in the fluctuation theory are compared in the Section 
3. It is shown that according to the fluctuation theory the transition into 
the Abrikosov state of an ideal superconductor must be first order. Results 
of experimental investigation of the transition into the Abrikosov state in 
bulk superconductors with weak disorders, in thin films (two-dimensional 
superconductors) and in superconductors with strong disorder are considered 
in the Section 4. Theories of the vortex lattice melting and of the vortex 
liquid solidification are reviewed briefly in the Section 5. 
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2. The Abrikosov State is the Mixed State with Long-Range 
Phase Coherence. 

According to a popular point of view [6] the pinning effect can be in the 
vortex lattice only. The process of the vortex pinning is very different for 
vortex liquids or solids. In the case of a vortex solid, a few pinning centers 
can hold the entire lattice because it is stiff. But it is impossible to hold 
a vortex liquid in place with the help of a few pinning centers. Under the 
influence of this point of view the absence of the vortex pinning in wide region 
below H c2 in HTSC was interpreted by many researchers as consequence of 
the vortex lattice melting. 

The point of view [6] became popular in a consequence of the wide spread 
opinion that the Abrikosov state is the flux line lattice (FLL) [I] like an 
atom lattice, or a lattice of long molecules [7] and the Abrikosov vortex is 
magnetic flux. The transport properties were connected with the motion of 
the magnetic flux structures (or FLL) induced by the Lorentz force [8]. 

Therefore it is important to emphasize that the Abrikosov state is the 
mixed state with long-range phase coherence, vortices are singularities in 
this state but no magnetic flux and that the resistivity in the Abrikosov 
state is caused by the vortex flow but not by the magnetic flux flow. 



2.1. THE ABRIKOSOV VORTICES ARE SINGULARITIES IN THE 
MIXED STATE WITH LONG-RANGE PHASE COHERENCE 



Superconductivity is a macroscopic quantum effect. The phase (p of the 
wave function \l/= |^ f |exp(i</?) of superconducting electrons can cohere all over 
the volume of a superconductor. According to the relation for the velocity 
of the superconducting electrons (see for example [8]) the relation for the 
superconducting current j s = n s ev s 



is valid in the region where the phase coherence exists. Here A is the vector 
potential; $ = hc/2e is the flux quantum; n s is the superconducting electron 
density; Al = (mc/e 2 n s ) ' 5 is the London penetration depth; 1 is a closed path 
of integration; $ = § dlA is the magnetic flux contained within the closed 

path of integration 1. 




(1) 



3 



If a singularity is absent, then §dlV(f = 0. In this case the relation ([I]) 

i 

is the equation postulated by F. and H.London for the explanation of the 
Meissner effect (see [8]). The magnetic flux can not penetrate in this case 
inside a superconductor with long-rang phase coherence. 

Consequently, a magnetic field can penetrate into a superconductor only 
if: 1) superconductivity is destroyed, or 2) singularities appears, or 3) the 
phase coherence is absent. The first is observed in type I superconductors. 
The second case is observed in the Abrikosov state of type II superconduc- 
tors. The singularities are the Abrikosov vortices in this case. ^§ dlV^p = n 

is the number of the Abrikosov vortices contained within the closed path 
of integration; n = <3>/<I>o if 1 is large. These two cases are widely known. 
The third case is not so well known. It is observed in fluctuation supercon- 
ductivity region, for example above the second critical field, H c2 , in type II 
superconductors (see below). 

Consequently, the Abrikosov vortices are no flux lines but are singulari- 
ties in the mixed state with phase coherence. These singularities allow the 
magnetic flux to penetrate into a superconductor. A singularity can not exist 
without a medium. Consequently the existence of the vortices is an evidence 
of the existence of the phase coherence. 

2.2. THE VORTEX FLOW RESISTIVITY 

According to the Josephson relation (see for example [9]), a electric volt- 
age in the Abrikosov state is caused by the vortex flow. The phase difference 
(p between two points changes by 2ir when it crosses a line connecting these 
points. Consequently, the macroscopic voltage in the Abrikosov state is equal 
to E — (t> vor x ra vor $ )/c. Where v VOT is the velocity of the vortex flow, n VOT 
is the density of the vortices. 

This result coincides nominally with the one obtained by the Faraday's 
law E = — (f V or x B)/c, because B = n vor $o in the Abrikosov state. There- 
fore, it became possible that the resistivity in the Abrikosov state is consid- 
ered as a consequence of flux flow in all textbooks (see for example [8,9]) and 
majority of papers, although it is obvious that the magnetic flux does not 
flow in a superconductors in this case. It is obvious also that the Lorentz 
force can not be the driving force on an Abrikosov vortex [10]. The notation 
"flux flow resistance" is not quite correct. I will use the more correct notation 
"vortex flow resistivity" instead of "flux flow resistivity". 
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2.3. THE VORTEX PINNING 



The resistivity can be equal zero in the Abrikosov state if the pinning 
force prevents from the vortex flow [8] . The vortex pinning is a consequence 
of superconductor disorders. Because the vortexes are singularities in the 
mixed state with the long-rang phase coherence, the vortex pinning is a 
consequence of the phase coherence also. The vortex pinning can not exist 
in a state without the phase coherence. 

Thus, the Abrikosov state is the mixed state with long-range phase co- 
herence. Changes of the resistive properties should be observed first of all at 
the transition into the Abrikosov state, because a transition from the para- 
conductivity regime to the vortex flow regime must occur and the vortex 
pinning can appear at the appearance of the long-range phase coherence. 

3. Transition into the Abrikosov State in the Mean Field Ap- 
proximation and in the Fluctuation Theory. 

Thermodynamic average values are calculated in the fluctuation theory. 
The thermodynamic average of any quality, for example superconducting 
electron density 

can be calculated in different approximation in different real cases. We can 
write the relation of the Ginzburg-Landau free energy to k^T in a dimen- 
sionless unit system [2] 

|% = E ( £ « + ^)l^| 2 + ^7E VWs**^***** ( 3 ) 

Here the wave function \l/(r) of superconducting electrons is expanded by 

the eigen functions (pk(r): \I>(r) = V^ 1 ^ 2 ^ ^k<fk(r); k = (n,l,q z ); n is the 

k 

number of the Landau level; / is the index of the Landau level functions; q z is 
the longitudinal (along magnetic field) wavevector; V is the superconductor 
volume; e n = (t-l+h+2nh)/Gi H = (h-h c2 + 2nh)/Gi R ; Gi R = Gi l / Z {th) 2 ^ 
is the Ginzburg number in magnetic field; Gi = (k B T c / if c (0)£ 3 (0)) 2 is the 
Ginzburg number; t = T/T c ; h = H/H c2 (0); V klk2k:iki = V^jd^l^l^^^ 

3.1. THE ABRIKOSOV SOLUTION 
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States corresponded to minimum value of the free-energy (3) are con- 
sidered only in the mean field approximation. At H c2 /3 < H < H c2 a 
contribution by the lowest (n=0) Landau level (LLL) only can decrease the 
free energy value because e n= o < and e n =i > in this region. The states 
with q z = correspond to the minimum value of the free energy. Therefore 
the lowest Landau level and zero-dimensional case is considered in the mean 
field approximation. The Ginzburg-Landau free energy can be written as 



GL 



Pa 



V(e\ty\ 2 + — 1^| 2 ) (4) 



k R T v 1 1 2 



in this case. Here e = e Q=0 = (h - h c2 )/Gi H ; |^| 2 = V^J d 3 r\^(r)\ 2 is 

v 
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the spatial average density of superconducting electrons; (3 a = I^IVI^I 2 is 

the Abrikosov parameter; |\1>| 4 = V^J <i 3 r|\I/(r)| 4 . The values f3 & = Pa and 

v 

\^\ 2 = ej Pa correspond to the minimum of the Ginzburg-Landau free-energy, 
where Pa is a minimum possible value of /3 a . The minimum value Pa ~ 116 
corresponds to the triangular vortex lattice [11] if \l/(r) are the functions of the 
lowest Landau level. This state is known as the Abrikosov state, although 
he considered the square vortex lattice with Pa ~ 1.18 [12]. According 
to the Abrikosov solution [12] a finite density of superconducting electrons, 
long-rang phase coherence and the vortex lattice appear simultaneously at 
H = H c2 . This transition was considered as second order phase transition 
[13]. 

3.2. THE MIXED STATE WITHOUT PHASE COHERENCE. 

The long-rang phase coherence is not connected directly with the density 
of the superconducting electrons in the fluctuation theory. Therefore a mixed 
state without phase coherence can exist according to this theory. Because 
the Abrikosov state is the mixed state with long-range phase coherence the 
transition into the Abrikosov state is an appearance of long-range phase 
coherence. 

This transition is not connected with H c2 where a crossover from low to 
high density of the superconducting electrons occurs. This means that the 
"jump" of the specific heat and the fracture of the magnetization dependence 
at H c2 are not connected with the transition into the Abrikosov state because 
these thermodynamic properties depend on the spatial average density of the 
superconducting electrons only. 
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3.3. REDACTION OF THE EFFECTIVE DIMENSIONALITY OF THE 
FLUCTUATION ON TWO IN A MAGNETIC FIELD 

The mixed state without the phase coherence differs qualitatively from 
the fluctuation state above T c because the effective dimensionality of the fluc- 
tuation decreases on two near H c2 [14]. This means that only an longitudinal 
(along magnetic field direction) component, £ z , of the length of the phase co- 
herence increases near H C 2. Whereas all components of the coherence length, 
i.e. £ x , £ y , £ z , increase up to the infinity at T c (see Fig.l). Therefore the 
second order phase transition takes place at T c and an phase transition at 
H c2 is absent. The second order phase transition can not take place in the 
one-dimensional system. Thus, the transition into the Abrikosov state dif- 
fers qualitatively from the transition into the superconducting state in zero 
magnetic field. 

3.4. TRANSITION INTO THE ABRIKOSOV STATE OF IDEAL SU- 
PERCONDUCTOR MUST BE FIRST ORDER 

The length of the phase coherence in the mixed state without long-range 
phase coherence can be defined from the correlation function (see [9]). In a 
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high magnetic field (in the LLL region) in the linear approximation the longi- 
tudinal component is equal £ z = (&o/2n(H — if c2 )) 1//2 and transversal compo- 
nent is equal £ R = (2$ /^) 1/2 - The relation £ z = (%/2tt(H - # c2 )) 1/2 can 
be valid in the linear approximation only and must be renormalized near H C 2. 
Whereas the transversal component changes little near H C 2 and £r value is 
close to (Qq/H) 1 / 2 in the whole LLL region. 

Thus, if we define the phase coherence by the correlation function we can 
conclude that the long-rang phase coherence can not be in the mixed state 
of type II superconductors. On other hand we know that the Abrikosov 
state is the mixed state with long-rang phase coherence. Consequently, the 
definition of the phase coherence by the correlation function is unsuited for 
the mixed state. It must follow from a right definition that the existence of 
the singularities (the Abrikosov vortexes) is evidence of the phase coherence. 

We can use the relation ([!]) for the definition of the phase coherence: 
the phase coherence exists in some region if the relation ([![) is valid for any 
closed path in this region. It is obvious that according to this definition the 
long-rang phase coherence exists both in the Meissner and Abrikosov states. 

Because in the mixed state without the phase coherence the transversal 
length of the phase coherence £r = changes little near H C 2 two 

characteristic lengths only (($0/ H) 1 ^ 2 and sample size L) are across mag- 
netic field direction in a superconductor without disorder. Consequently, 
the length of the phase coherence changes by jump from (Qq/H) 1 / 2 to L at 
the transition into the Abrikosov state. Thus, the result obtained in the 
fluctuation theory differs qualitatively from the one obtained in the mean 
field approximation. The transition into the Abrikosov state can not be sec- 
ond order phase transition. It must be first order phase transition in ideal 
superconductors without disorder. 

3.5 MAKI-TAKAYAMA RESULT 

According to the mean field approximation [12] the Abrikosov state is the 
mixed state with long-range order and the vortex lattice. Consequently, if the 
mean field approximation is valid in the thermodynamic limit, then two long- 
range orders exist in the Abrikosov state: phase coherence and crystalline 
long-range order of the vortex lattice. The mean field approximation is valid 
if the fluctuation correction is small. 

Eilenberger [15] has proposed a method of the calculation of the fluc- 
tuation correction to the Abrikosov solution. Using this method Maki and 
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Takayama [16] have shown that the fluctuation correction An Sj A to the Abrikosov 
solution calculated in the linear approximation depends on superconduc- 
tor size L across magnetic field direction: An s fi is proportional ln(L/£) in 
three-dimensional superconductor and An Si A is proportiona (L/^) 2 in two- 
dimensional superconductor. 

The Maki- Takayama result [16] seems very queer for most scientists, be- 
cause they think that it contradicts to the direct observation [17] of the vortex 
lattice. But the direct observation [17] of the vortex lattice is not evidence 
of the crystalline long-range order. If we lay along a fishing net with help of 
stakes it will look as a lattice. But from this direct observation we can not 
draw a conclusion that the fishing net is a lattice which can melt. Larkin 
[18] has shown that the crystalline long-rang order of the vortex lattice is 
unstable against the introduction of random pinning. Consequently, we can 
not contend on base of direct observation [17] that the Abrikosov state is the 
vortex lattice which can melt because it can be a structure like the fishing 
net. 

Almost nobody has believed in a reality of the Maki- Takayama result, 
even author. Maki (with Thompson) attempted to correct this result in [19]. 
In spite of the opinion of many scientists (see [1]) I claim that the Maki- 
Takayama result [16] is right because it is confirmed by experimental results 
[20,21]. 

3.6. SCALING LAW IN LOWEST LANDAU LEVEL APPROXIMA- 
TION 

According to (0) and (3), in the lowest Landau level (LLL) approximation 
the thermodynamic average value of superconducting electron density, n s , 
is function of temperature, magnetic field and superconductor parameters 
through the e value only. Consequently, a quantity depended on the n s 
value only, for example specific heat and magnetization, must be a universal 
function of e — (t— l+h)/Gi# in the region h ^> Gi, h — h c2 <C 2h, h > h c2 /3, 
where the LLL approximation is valid. Transport properties, for example the 
resistivity, depend not only on the n s value but also on the length of phase 
coherence. Therefore they can follow to the scaling law in the mixed state 
without phase coherence only. 

If a transition takes place at e C 4 its position h c2 — h ci must be a universal 
function of the temperature and superconductor parameters. The scaling 
law is general consequence of the fluctuation Ginzburg-Landau theory. Con- 
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sequently, all theories obtained on base of the fluctuation Ginzburg-Landau 
theory must predict the same h c2 — h ci dependence on the temperature and 
superconductor parameters in the LLL approximation region. 

3.7. CHANGE OF THE RESISTIVE PROPERTIES AT THE TRANSI- 
TION INTO THE ABRIKOSOV STATE 

According to the mean field approximation the transition to the vortex 
flow regime occurs at H c2 . According to this approximation the vortex flow 
resistivity, p f , near H c2 can be described by the relation 

Pn tl c2 

p n is the resistivity in the normal state. The coefficient 7 was calculated in 
many works (see [22]). 

According to (f|) the resistivity of ideal superconductor does not change 
at the long-rang phase coherence appearance in H c2 . But it takes place in real 
(with disorders) superconductors in the consequence of the vortex pinning. 
The resistivity changes from p n down to zero at enough low measuring current 
(at j < j c ) at H c2 according to the mean field approximation. 

The fluctuations change qualitatively the resistivity dependence. The 
fluctuation decreases the vortex flow resistivity as well as the resistivity above 
the transition into the Abrikosov state [16]. The fluctuation value increases 
near the transition. Therefore, a feature ought be expected at the transition 
from the paraconducting regime to the vortex flow regime. Because the 
appearance of phase coherence is not connected with the change of the n s 
value, a position of this feature (and the pinning appearance) differs from 
the H c2 . 

4. Results of Experimental Investigation of Transition into the 
Abrikosov State 

According to the fluctuation theory the sharp changes of the resistive 
properties should be observed at the transition into the Abrikosov state of 
an ideal superconductor. But the sharp change of the resistive properties is 
observed in few bulk samples with weak disorder [3,4] only. No sharp change 
is observed both in thin films with weak disorder [21] and in all samples with 
strong disorder. The transition into the Abrikosov state becomes smooth 
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Figure 2: Sharp change of the resistive properties at the transition into the 
Abrikosov state of V^Ge and YBa2Cu30y_ x 



with increasing of disorder amount [23]. The absence of the sharp change 
of the resistive properties means that the transition into the Abrikosov state 
in thin films and in superconductors with strong disorder is absent or differs 
from the ideal case. 

4.1. TRANSITION INTO THE ABRIKOSOV STATE IN BULK SU- 
PERCONDUCTORS WITH WEAK DISORDERS. 

The sharp change of the resistive properties was observed first in the 
paper [3]. This sharp change, observed at H ci < H c2 , was interpreted in [3] 
as the transition into the Abrikosov state. The result of [3] means that this 
transition in bulk superconductors with weak disorder can be close to the 
one in a ideal superconductor. The length of the phase coherence changes 
abruptly from (Qq/H) 1 / 2 = 10~ 5 — 10 -6 cm to a sample size L = 0.01 — 1 cm 
in real cases. 

The appearance of the vortex pinning (the current- voltage characteristics 
become non-Ohmic) [3] and the sharp decrease of the vortex flow resistivity 
[3,20] (Fig. 2) are observed in enough homogeneous bulk superconductors at 
if c4 . Below the transition the resistivity can be equal zero at j < j c and 
the Pf(H) dependence has a minimum [20] or a step (see Fig. 3). Such pi(H) 
dependence differs qualitatively from the one (f|) predicted by the mean-field 
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approximation [22]. 

Some authors [24] state that the feature of the Pf(H) dependencies coin- 
cide with the peak effect in the critical current. But this is not right. Our 
investigations [25] have shown that this feature is observed in all enough ho- 
mogeneous bulk samples both with and without the peak effect (see Fig. 3). 
And only in no enough homogeneous samples the "classical" flux flow resis- 
tivity dependence (see [8]) is observed. Therefore this feature ought be con- 
sidered as universal for homogeneous bulk superconductors. It is explained 
in [20] by fluctuation influence. 

The sharp change of the resistive properties was observed in YBa2Cu30y_ x 
also [4] (see.Fig2). The difference of the H c2 — H c4 values in these super- 
conductors corresponds to the LLL scaling law [2]. According to the LLL 
scaling law [2]: H c2 -H c4 = e c4 H c2 (Q)Gi l '\H c2 / H c2 (Q)f/\T /T c fl\ The ex- 
perimental value e c4 ~ 1 for superconductors with different Gi and H c2 (0) 
values: Nb 94 . 3 Mo 5 . 7 , Gi = 10~ 9 , H c2 (0) = 0.8 T; V 3 Ge, Gi = 10~ 6 , H c2 (0) 
= 12 T; YBa 2 Cu 3 7 _ x , Gi = 10" 2 , H c2 (0) = 200 T. Consequently, the tran- 
sition from the mixed state without the phase coherence into the Abrikosov 
state is observed both in [3] and in [4]. Result of [26] shows that this transi- 
tion in bulk superconductors with weak disorder can be first order indeed. 

4.2. ABSENCE OF THE TRANSITION INTO THE ABRIKOSOV 
STATE IN TWO-DIMENSIONAL SUPERCONDUCTORS WITH WEAK 
DISORDER DOWN TO VERY LOW MAGNETIC FIELD. 

The absence of any features of the resistive dependence of amorphous 
Nb 4 _ x O x films was interpreted in our paper [21] as the absence of the tran- 
sition into the Abrikosov state down to very low magnetic fields. The vortex 
pinning appearance can not be observed if the measuring current is extremely 
high in comparison to the critical current. But the feature of the vortex flow 
resistivity can be observed at a high measuring current. The absence of 
the long-rang phase coherence below H c2 in these films is confirmed by a 
investigation of the nonlocal resistivity [27]. 

The feature of the vortex flow resistivity are observed in the a — NbGe 
films with an intermediate strength of disorder [24] . This feature are observed 
below the field value where the vortex pinning appears, as well as in bulk 
superconductors [20]. Consequently, the phase coherence appearance occurs 
in films with an intermediate strength of disorder. Comparison of the results 
of [21] and [24] shows that the phase coherence appearance in thin film is not 
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Figure 3: Magnetic dependence of the vortex flow resistivity of Ti M Moi 6 
alloy. The peak effect in the critical current is absent in this sample. Lines 
are mean field approximation theoretical dependencies. 



universal, but that it depends on the amount of disorder. The dependence 
of the position of the transition into the Abrikosov state of two-dimensional 
superconductors on the amount of disorder is predicted by results of the work 
[28]. 

4.3 PHASE COHERENCE APPEARANCE IN SUPERCONDUCTORS 
WITH STRONG DISORDERS. RETURN TO THE MENDELSSOHN MODEL 

It is obvious that the long-rang phase coherence is appeared in super- 
conductors with strong and intermediate strength of disorder, because the 
pinning effect is observed in these cases. But the phase coherence appearance 
in these cases differs from the ideal case. The length of the phase coherence 
does not change by jump but increases gradually with the magnetic field (or 
the temperature) decreasing. 

The smooth transition observed in most samples can be connected with 
an increase of the effective dimensionality of the fluctuation (from zero to one 
in film) in samples with strong disorder. The limit case of strong disorder 
is the Mendelssohn's "sponge" (see [29]). The Mendelssohn's "sponge" is a 
model proposed in 1935 year for explanation of the magnetic properties of 
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some superconductors (now we call these superconductors as type II super- 
conductors). Mendelssohn has assumed that the magnetic field can penetrate 
inside superconducting region because this region is superconducting sponge. 

The Abrikosov state in thin film is similar to the two-dimensional Mendelssohn 
sponge. The main difference is that the Abrikosov vortex destroys supercon- 
ductivity near itself (in a region with r < £) in the Abrikosov model whereas 
in the Mendelssohn model it occupies a nonsuperconducting region. We may 
consider real superconductors with disorder as intermediate cases between 
the Mendelssohn's and Abrikosov's models. A thin film with strong disor- 
der can be considered as a Mendelssohn sponge with a variable width of 
superconducting threads [30]. 

The length of phase coherence increases smoothly with temperature de- 
creasing in a Mendelssohn sponge as well as a one-dimensional superconduc- 
tor [31]. In consequence of this the resistive dependence is smooth also both 
in a Mendelssohn sponge and in a one-dimensional superconductor. 

The length on the phase coherence in superconductor with strong disor- 
ders can begin to increase already above H c2 [30]. At a value of the magnetic 
field < H c2 a crossover to the vortex creep regime takes place. This crossover 
can be interpreted as a consequence of the increasing of the phase coherence 
length up to sample size. 

5. Theories of the Vortex Lattice Melting and Theories of the 
Vortex Liquid Solidification 

It is proposed in vortex lattice melting theories (see [1,32]) that the 
Abrikosov state is the vortex lattice. This opinion is based on the Abrikosov 
solution [12]. But according to the Maki-Takayama result [16] this solution 
is not valid in thermodynamic limit. Consequently, the vortex lattice melt- 
ing theories are unsatisfactory in principle, since they start from the state in 
which the translation symmetry has been broken by hand [33]. Therefore, 
some theorists consider no the vortex lattice melting but the solidification 
transition of vortexes (see for example [34,35]). They do not propose the 
Abrikosov state existence, but try to find the transition to it. 

The phase coherence is defined by the correlation function in the solid- 
ification theory. This definition is logical contradictory because according 
to this definition the long-rang phase coherence can not exist without the 
crystalline long-rang order of the vortex lattice. It is claimed in some works 
[36] that the phase coherence can remain short-ranged even in the vortex 
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solid phase. Therefore the solidification theories try to find the transition 
into the Abrikosov state as the vortex lattice but no as the mixed state with 
long-rang phase coherence. Most authors find this transition (see for example 
[34]). And few authors (see for example [35]) only state that this transition 
is absent. I agree with few authors [35]. But the absence of the solidifica- 
tion transition does not mean that the transition into the Abrikosov state 
is absent, because the definition of the phase coherence by the correlation 
function is unsuited for the mixed state. According to the right definition of 
the phase coherence the Abrikosov state is the mixed state with long-rang 
phase coherence but no the vortex lattice. 

6. Conclusions 

Because the appearance of the vortex pinning and the feature of the 
vortex flow resistivity should be observed at the appearance of long-rang 
phase coherence it is obvious that the interpretation proposed in [3] is right. 
The sharp change of the resistive observed in bulk superconductors with weak 
disorders at a field H ci < H c2 is the transition from the mixed state without 
phase coherence into the Abrikosov state. 

But this transition observed in YBa 2 Cu307_ x was interpreted in [4,26] 
and other papers as the vortex lattice melting. This interpretation is very 
popular, but it can not be right. The vortex liquid is the mixed state with 
long-rang phase coherence, because the existence of the vortexes is evidence 
of the long-rang phase coherence. Consequently, the first order phase transi- 
tion from the vortex liquid into the mixed state without the phase coherence 
must be observed above the vortex lattice melting in superconductors with 
weak disorders. The sharp change of the resistive properties must be ob- 
served at this transition. But no sharp change is observed above if C 4 both in 
conventional superconductors [3] and in YBa2Cus07_ x [4]. 

The sharp transition into the Abrikosov state predicted by the fluctuation 
theory in ideal case is observed in bulk superconductors with weak disorder 
[3,4] only. No sharp transition is observed in thin films with weak disorder 
[21]. This difference from bulk superconductor can be explained by difference 
of the fluctuation value in three- and two-dimensional superconductors [16]. 
The nature of the step in the magnetization dependence of layered HTSC 
[37] is some questionable because no sharp transition is observed in thin 
film of conventional superconductors [21]. This step can not be interpreted 
as a universal transition in three- or two-dimensional superconductor. It is 
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most probably a consequence of a transition from two- to three dimensional 
behavior in layered HTSC. Such interpretation was proposed in some papers. 

The second critical field H C 2 is not a critical point not only in supercon- 
ductors with weak disorder but also in superconductors with strong disorder. 
The phase coherence appears below H c2 in superconductors with weak dis- 
order [3,4] and above H c2 in superconductors with strong disorder [30]. 

The smooth phase coherence appearance in superconductors with strong 
disorder can be explained qualitatively by the increasing of the effective di- 
mensionality of the fluctuation. 
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